Introduction
In recent years, the EDFA has revolutionized the field of long haul transmission [1] . Typical long distance links installed today contain a booster amplifier at the transmitter, a series of in-line amplifiers along the transmission line and a preamplifier at the receiver. In contrast, the number of 3-R regenerators along the transmission line has dropped substantially in comparison with the traditionally equipped links. The predictability of the amplifiers figures, particularly the spectral characteristics for the gain and noise, plays an important role for the layout of such transmission systems; especially if the number and lengths of amplifier spans vary and/or if multivendor equipment is installed. With the advent of commercial long distance systems operating in Wavelength-Division Multiplexing (WDM), the predictability of the EDFA behavior has become crucial since the operating point of the EDFA is now affected by the power and the spectral characteristics of each WDM. In addition, optical amplifiers for WDM transmission are partly based on an increasingly complex internal circuitry.
The spectral gain and NF can be completely described by solving numerically (numerical models), for specified amplifier parameters, the propagation and rate equations that model the interaction between the optical field with Erbium ions [2] . This methodology is heavy to solve, since longitudinal and transverse integrations of the equations are necessary, however it is the most approximated and used in EDFA simulations [3] .
Another valid approach is to use the socalled analytical models; these meant that the resulting expressions providing basic EDFA characteristics (gain, noise, output spectra, etc.) turn into closed forms, i.e., no longitudinal integration being necessary. On a reduced-complexity end, the analytical models provide straightforward predictions on the basic EDFA characteristics, at the expense of some simplifying assumptions concerning the regime of operation.
In the class of analytical models we find the Black Box Model (BBM), based upon input-output measurements, which is useful when some of the internal parameters or construction details of the amplifier are not available. This will be the model used in this work. A simple and accurate BBM has been proposed, where gain and NF are described by empirical formulas [4] .This approach will be applied experimentally to two EDFA one in the C -band (1530-1565nm) and the other in the L-band (1570nm -1610nm).
The model
The spectral properties of gain saturation, for a given wavelength, can be described by an empirical equation [4] , which depends on the signal input power and small signal gain, given by:
In equation (1), G 0 and G are the small signal gain and the saturated gain, respectively, for a given input signal power P in . The unknown terms are α and P sat , or P max , if we consider the maximum output power, which is given by P max = G o P sat .
The main idea is to determine experimentally the small signal gain for the bandwidth required, and then a minimum of two sets of saturation gains for each signal wavelength are sufficient to determine the two parameters, α and P max .
With these parameters obtained, the saturated gain can be accurately modeled for a given signal wavelength. Using the same parameters for different signal wavelengths, the accuracy is not guaranteed, as we will see next.
In Fig.1 the measured gains for 1590nm are represented by squares, with small signal gain (Go) for P in ≅ -45dBm equal to 26.95dB. Fitting the points results in P max = 26.619, and α = 0.789. Substituting these parameters in (1), a plot of the predicted gain is made by the model, which is also shown in Fig.1 (continuous line). As we can see, there is good agreement between the experimental and modeled gains. Following a similar procedure for the rest of the wavelengths, good accuracy is kept and the parameters were extracted. Fig.2 a, b and c present G 0 , P max and α for C -Band, where the measured values are represented by 'x's.
Observing Figs 2 a, b and c we see that the parameters are not constant for the wavelengths considered. Reasonable approximations of these curves can be estimated by using polynomial regression, fitting regression values to the obtained by the model ( G o , P max , or α) , by means of a polynomial of any order. Using polynomial regression, the coefficients of the polynomials are determined. For G o and P max , the polynomials were of fourth order, and for α, a second order polynomial was enough.
Using polynomial regression, the coefficients of the polynomials are determined. For G o and P max , the polynomials were of fourth order, and the coefficients are given by (2) and (3) respectively. To approximate α, a second order polynomial was enough, and its coefficients are given by (4). (4) Applying (2), (3), (4) in (1), we obtain a completely defined gain model for C-Band. For the L band similar procedure was followed. In Fig. 3 we present the 3D models for the gain variation with input power and wavelength dependent parameters for the two amplifiers, C and L Band. 
Conclusion
We have experimentally determined the parameters of BBM Model for the gain of EDFA's in C and Lbands. There is good agreement on the measured and modeled obtained values. The characterization of the BBM with the wavelength was made, and some analytical expressions for the parameters (G o , P max , α) were obtained for both amplifiers
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